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Comprehensive diagnosis of the patient with ischemic heart 
disease has become a complex process. The clinician can 
now confirm and extend bedside observations through a 
variety of laboratory examinations, chief among which are 
the several techniques of cardiac imaging (1,2). Standard 
imaging approaches (roentgenography, echocardiography, 
radionuclide imaging and angiography) permit delineation of 
cardiac chamber morphology and function, coronary artery 
anatomy, valvular function and some estimation of regional 
deficits in myocardial perfusion. The newest methods- 
positron emission tomography, rapid computed tomography 
and nuclear magnetic resonance imaging-promise to add 
hitherto unavailable data on myocardial perfusion, metabo- 
lism and tissue characteristics (3). The goal of assessing 
tissue composition and physiologic state in a noninvasive 
fashion (“tissue characterization”) has been sought by in- 
vestigators using ultrasound (4) and, more recently, nuclear 
magnetic resonance imaging. 
In this issue of the Journal, Vered and coworkers (5) 
present clinical evidence that one particular ultrasound 
method identifies regions of scar related to previous myo- 
cardial infarction. In the current era of aggressive interven- 
tion in acute ischemia, the ability to identify collagenous 
(hence, nonviable) myocardium would be of obvious impor- 
tance. In this brief editorial, I will highlight the investigative 
field of ultrasound tissue characterization and attempt to put 
the current study into a clinical perspective. 
Noninvasive cardiac tissue characterization. Although 
current diagnostic methods permit assessment of coronary 
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artery anatomy and left ventricular function-both global 
and regional-many clinical decisions require more informa- 
tion. Consider the patient with chest discomfort and a 
ventricular wall motion abnormality in the perfusion field of 
an occluded coronary artery, but electrocardiographic evi- 
dence of prior infarction in that same anatomic area. Do the 
pain and wall motion abnormality indicate additional myo- 
cardium at jeopardy? Similarly, consider the patient with 
chest discomfort and abnormal motion of the ventricular 
septum in the presence of left bundle branch block. Is the 
anomalous wall motion due to the conduction disturbance or 
to concurrent myocardial ischemia? Many other scenarios 
may be envisioned in which our standard tests cannot 
differentiate acute ischemia from chronic infarction, creating 
a diagnostic gap targeted by tissue characterization research. 
Tissue characterization may be dejined broadly to include 
both indirect and direct approaches to define tissue compo- 
sition, physiologic state and viability. Indirect methods may 
be represented by evaluation of regional left ventricular wall 
contraction at rest and with stress. However, as indicated, 
abnormal regional wall motion is somewhat nonspecific, 
occurring in acute ischemia, acute infarction, chronic infarc- 
tion (scar) and even in nonischemic cardiomyopathy (6). 
Thus, more direct methods of tissue characterization are 
under active investigation, including metabolic and struc- 
tural approaches. Positron emission tomography and nuclear 
magnetic resonance imaging may be used to delineate details 
of myocardial biochemical function including substrate up- 
take, intermediary metabolism and high energy phosphate 
kinetics (7). In contrast, structural methods of tissue char- 
acterization offer information primarily related to the phys- 
ical state of a portion of myocardium. The demonstration of 
regional scar (collagen deposition) is an example of struc- 
tural tissue characterization. 
The rationale for ultrasound tissue characterization is 
that ultrasound energy interacts differently with normal 
versus abnormal tissue and that sufficient information is 
available in the ultrasound signal returning from myocar- 
dium to identify specific abnormalities. Thus, ultrasound 
methods have proved capable of identifying acute ischemia 
and infarction Q-12), chronic infarction (13) and cardiomy- 
opathy (14-16), and have been shown in vitro to predict the 
collagen content of myocardium rendered fibrotic by prior 
infarction (17). The acoustic properties of chief interest have 
been attenuation (signal loss as sound passes through tissue) 
and backscatter (the amount of ultrasound energy reflected 
back to the transducer). Approaches used to derive this 
information include 1) methods that produce images in which 
abnormalities of acoustic properties are displayed as alter- 
ations in gray scale or are color encoded, 2) methods that 
directly measure the acoustic properties of interest, and 3) 
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methods in which digital image processing and analysis 
techniques are employed to discern patterns in the signals or 
images that suggest specific abnormalities (18). Laboratory 
studies of ischemia that use these approaches have shown 
that acufe ischrmicl or acutr infclrction is characterized by 
decreases in attenuation (19), increases in backscatter (8) 
and in image gray level (20,21) and changes in the two- 
dimensional spatial pattern or “texture” of ultrasound re- 
flections (22). Chronic, irzfurclion (swr formotion) is charac- 
terized by increases in attenuation and backscatter (4,13). Of 
great potential importance is the observation that cardiac 
contraction is accompanied by a cyclic variation of back- 
scatter, with ultrasound energy reflected most strongly at 
end-diastole, decreasing with contraction (23). Similar cyclic 
alterations in image gray level (24) and myocardial texture 
(25) have been identified. Further, in animal studies, acute 
and chronic infarction have both been associated with dec- 
rements (or even disappearance) of the cyclic backscatter 
variation (26-28). 
With dl of’ thcsc promising experitnentcil findings, ~91) 
hrts ulttmound fisstte c.hurutctrrii7ltfion nor rctrched the clitl- 
ical horizotl:) Unfortunately, absolute values for the acoustic 
variables of interest are difficult to establish because of the 
variability in instrument adjustments necessitated by indi- 
vidual patient body habitus (that is, alterations in the ultra- 
sound beam produced by varying amounts of muscle, fat and 
air interposed between the transducer and the heart). Fur- 
ther. little clinical research has been accomplished to date 
using ultrasound tissue characterization techniques. 
The current study. The study by Vered et al. (5) is 
another in a pioneering series of investigations by this group 
in the field of ultrasound tissue characterization. These 
workers previously showed that ultrasound backscatter was 
increased (13) and that the cyclic variability of backscattet 
diminished in fibrotic myocardium in animal models (28). 
Although previous in vitro studies by our group (17) have 
established a linear relation between backscatter and hy- 
droxyproline concentration in samples of fibrotic human 
myocardium, a clinical study using the approach presented 
by Vered e1 al. ha> not been previously accomplished. In the 
present study, the investigators show a decrement in the 
amplitude of backscatter variation as well as a delay in the 
time of the maximal decrease noted in presumably fibrotic 
regions of human myocardium. This study thus lends clinical 
credence to the application of ultrasound tissue characteri- 
zation to patients with chronic ischemic heart disease. and 
sets the stage for clinical studies of acute infarction. 
A few, s1tot.tc.ottritlR.s of’ rhr stu& (tnost of ,thich htr~~ 
beet1 N~~kttO)l’lPdg~‘il h_v ihe uttfhors) sholrltl hr rcwtgtii,-cd, 
First, the backscatter data could only be acquired in approx- 
imately 50% of patients. largely because of difficulty in 
obtaining diagnostic images, a problem recognized by clini- 
cal echocardiographers. Second, cyclic variability in back- 
scatter is closely related to contractile function (29). and one 
may wonder what additional information is olTered by the 
current. sophisticated methods as compared with simpler 
wall motion analyses. The previously demonstrated nonlin- 
ear relation between wall thickening and cyclic backscatter 
variation in animals (30) suggests that some, but not all, of 
the cyclic variation is due to contractile function. The 
specific cause or causes of the cyclic backscatter variation 
and the relative usefulness of this measurement versus wall 
motion analysis have yet to be firmly established. Third, the 
method of analyzing the backscatter-versus-time curves in 
the present study used subjective. manual techniques, po- 
tentially introducing some variability when applying this 
method. Fourth, the data were acquired in only one echo- 
cardiographic image orientation (parasternal long-axis) and 
the patients consisted primarily of those with anterior infarc- 
tion; further studies of other anatomic regions, imaged from 
other orientations, will be necessary. Finally, the ultimate 
promise of the technique-difierentiating acute from chronic 
infarction within regions of abnormal wall motion-was not 
examined in the present study. Because prior animal studies 
have shown that both acute and chronic infarction produce a 
similar increase in backscatter and decrease in cyclic vari- 
ability, acute infarction and scar may be indistinguishable by 
analyzing only the amplitude of backscatter. Recent studies 
(31) utilizing additional acoustic analysis methods show 
promise for this differentiation, but the question requires 
further study. 
Conclusions. The present study by Vered et al. (5) dem- 
onstrates that ultrasound tissue characterization has the 
clinical potential to differentiate normal from fibrotic myo- 
cardium. Although requiring further confirmation and explo- 
ration. these observations, and the wealth of prior experi- 
mental data in animals, suggest that ultrasound tissue 
characterization may soon be added to the diagnostic arma- 
mentarium of the clinician caring for the patient with ische- 
mic heart disease. 
I thank Ruth Lillie for expert preparation of the manoccrlpt 
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